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A geological. l'ormation in No:cthcl:'n Minnesota, known as the

DLlluth Gabbro complex contains a significant .amount of the

countries domestic copper resourcesp and possibly the world's

largest nickel resource (1). COJ~E£L:JJj~J~>~I.~JIG\n1l}f;'_"'!=~2:?- ,.-# 7
-.."",--=w~

probabl be tak ace in this area on a large scale

within the next decade. (The location of the ore deposits

is shown in Figure 1). frhls r'c:port is of ~,ome work I have

been doing with the State of Minnesota Environmental Quality

Council's Regional Copper-Nickel Study. The purpose of this

Regional Study is to obtain baselirie data for the region

which will potf.:"mtially be affected by mining p and too

determine what affects mining may have on this area. All

aspects of potential impact are being investigatedQ These

include physical, chemical and biological monitoring of the

water, terrestial and air en.vlronments as \'1ell as studies on'

the health, socIal and economic impact to the population in

this area. Also included i~ the technical assessment of the

raining methods which may be employed. and the quantity and

quality of ore in the region.

The work I have done involves the characterization of a

watershed in this region which has already been 'influenced

by the mining of taconite. and will probably be directly

affected by eu-Ni mining. I have used the water analysis

v
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~ Jh U S G :1 (J' ~1 0\'rve V (lJ~C'0) tllO' Envirorunentaldone \)y r; e .•.• x(C)O.,Ot; ~CCL. ,;)" ,J .) .r..." ~

Quality Council CEQC) ~ American Metals Climax (AMAX) and

Heserve Minirlg Company f ;:md have attempted to determine any

I. ~ thO t 1 (1 has ~e·c'i(~\red. from ·t:he op'crations of~paCts 18 waer81e(~ L.
I

the -caconi te mining. ~[lhls type of study is necessary in

obtaining baseline data for the Cu.-Hi. study, and in the

assessment of any future impacts by the mi.ning of Cappel....

and Nicke]~ within this watershed ~

The water quality of a watershed which has been influenced

by taconi to mining for 25 years has been coFlpaxed with an

u.ndisturbed water'shed nea.rby. A continuous monitor downstream

fl'OIn th). mining operations has 8hO\\[n peaks in the conductivity

of the river during periods of low flowe These peaks occur

2 to J times a week and last from 8 hours to several days.

![lhe flow pattern of the river shows peaks corresponding to

the conductivity peal\:s 0 however these are evident du.ring

high flo\"" as we11 as low flowe The dovffistream concentrations

of' chloride, 8ulfate p calcium, sodium and potassium are

significantly higher than upstream, while the control

watershed sho\'/s no differences in these parameters. \','1111e

the mine is operating, it is necessary to pump the basins

Where they collect water from rainfall, runoff and ground-

water secpac;e. They generally pump .2 to 'J days a week for

~.. .,
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perIods of 8 hours or mO.re < unti1 the basin is empty ~ The

mi.ning di~~charges have a sic;nificantly higher conductivi ty

·than the upstream ~3ampling fd.t;cs, and alr:w' higher concentrations

of chloride, sulfate, calcium, sodium and potassium. The

concentrations and conductivity however, art] not significantly

diffe'r.ent from the dovrn~)trearn monitor. It Is concludE)d

that a specifi.c mining clischar'ge several hundred feet from

the monitor is responsible for the observed peaks. Other
,

impacts the mining operation has on the watershed are discussed,

.as are the potential impacts from a Copper-Nickel mining
,

(1)81'a tioD 0

~.'he copper-i1ickel reSGrves in this area have been suspected

for.a long time~ but were not accurately identified until

19.5Jp when the U.S. Bureau of Mines completed three diamond

drill holes (2). This is the method use~ to investigate the

qualitYf and make estimates on the quantity of any ore in a

gIven area. They conelu.decl there was a sig;nificant volume

of Copper-Nickel mineralization of low or marginal grade.

Several years earlier p in 1951, International Nickel Company

Inc. (Inca) had indicated an interest in sampling the ore for

potential mining in this area. By 1967 200,000 acres of

federal and state 18.11d were held by mining interests. The



closeness of these, operation.s to the 'Bcmndary \v;:;d;crs Canoe

Area (B;'JCA) e and the incrQa~)Cd interests of' the. mining

companies created a grccl.t deal of pUblic interest t 'and in

• :J. 972 Governor \'1. Ander'son appointed an Inter-Agency Copper

Nickel Task Force to review possible impacts (J). This task

force included members from the Pollution Control Agency (peA)e

the Minnesot,3.. Dep2.rtment of Natural Resources (J\TDNR) D and

Pllblic interest groups. Ik1.ter in 1972 the MDNR ])ublished
,

a rE~port entitled, "Possible Environmental ImlJact of Base-

Metal f.lining in r.1irmesota". In Sanuary o:f 1973 they published

~'rnter-Agency fJlask Force Report on Base Metal Mirdng Impacts If

(2). In this report they included irJ,formation from USGS 9~ ?
. XI jJ 0/ . I ,((---<AlP',- -

.investigati.ons which estimated 6. SA ton~ of crude ore /were

(~on.tained within the Duluth Complex. A number of important
f."

reCOD1TJ1endations came out of this report. They recommended -ellat

the 'tas}c force continue there st-udy s and that exploration

and developement of minerals be encouraged.. They also

stressed the need for a pre-operational monitoring program,

and a study of potential impacts of the various mining'

processes. These include exploration, developement, benefic

Iation (which includes crushing, concentrating and dewatering),

I)yrornetal1urgica1 extraction (which includes roasting, smelting,

an.d converting), refining s ancillary operations and

tcrmination. 1'hey also presented a comprehensive list of

possible environmental impacts which should be investigated •

.'
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The task force also 'reco~ncnded consideration of the

economic benefits of a short-term mining qperation, and

whether this would exceed the long-term impact to the public.

~nd especially those supplying services and facilities to the

workers including employement~ land usc, public services, ...
and recreation were ll1entioned y and the need for post-

operational monitoring was pointed out •

. In August of 197h Ronald Hayes ~ war-king with the Bureau of

Mines published a report called "Environmental~ Economic p and

Social Impacts of Mining Copper·-Nic}~el in Northeastern

Minnesota" (1). This report estimated that the Duluth ~~ ~

l./'fV(\~
Gabbro formation had an average ore grade of 0.85 percent, ./.

CU-Ni e ahd could supply the U.S. copper and the world nickel

demands for 20 years. He also discussed several of the

mining methods being considered, and the impacts they each

way haveo

In October of 197'f' the EQC voted to require a regional

environmental impact statement (4), and in 19'15

were obtained from the DNR to do the biological stucl.es, and

:!'romthc PCA to do the water and air studies. ~'hese agenciesl "'<~ .;L~I,;:;
are respoY1~1'ble; for 1 + 11 t' d b I' 't' J. • _ c a ca co< ec lon an ase. 1ne m0111 'orlng .{I

Two exceptions to this division of duties are; the leachate

study which is being done by the DNH, and the bioassay work



. 1 t l PCA The- 1;:r1C +\"('.1" }, ired its ownwhich 1s be lng dono )y ,flO '.--<= vl& >. &

f3taff p and in l.jarch of 1. 9'16 began administering the

monitoring program.

The u.s. Forest Service has also been involved in tllis study.

Nhen Inco applied for permits in the Superior National Forest~

the Forest Service was given the responsibility for preparing

lmpact statements' (Lt,). By 1I1ay of 19'15 the Forest Service

discontinued their monitoring program~ because agreement

with Inco had not been reachede

~~he Ctu~rent input from the Forest Servic:(~ is limited $ and

that from the PCA 2.nd DNR is only in terms of personnelo

Although both agencies have a liason person to work with the

Cu-Ni study~ very little contact is taking place.
, .. ' -

The area included in the Regional Copper-Nickel Study is

shown in figure 2. The MINESITE Study area is approximately

560 square miles located in St. Louis and Lake Counties in'

Northeastern Minnesota. The MINESITE Project was developed

by the f.1innesota DNR to aid in developing environmental

re~wurce managc:!ment programs LS). It is a computerized

mapping project, which has become intcf:;rated within the

Regional Cu-Ni study (3). The role of this regional study

is that of a neutral group of cxpe:r:·ts, whor,1 wiJ.l assess any

impacts that Copper-Nickel mining may have on this region,





I,

and comrnunicatc these result~3 to all interested p::ll~ties (6) e

The tseologic2,1 ;~ampl.ing and the mine modeling 18 being

carried out by the technological assessment group. This

group' .is investiG3.ting the possible rnining methods 1xdng

considered for use in f<1innesota and how the various stages

of each method may alter the environment.

The physical sciences team is studying both th<:l atmosphere

and hydrosphere 0 rfhese areas are further d~,vided i:n:f.;o ~

rneteorology 2nd climatology t noise t rivers I' lakes 3 surfacE~

'lNater pJ1d surficial hydrology and metal pathways study (7) •

Attempts are being made to describe the physical s6tting for

all organisms within the study area, and to determine which'

areas may be most affected by copper-nickel mining.

'rIle biological sciences are divided into aquatic and

terrestrial systemso Each area is attempting to characterize

all the organisms present, their relationships to one another

and the environment, and how these relationships may be
.

altered by mining. This area also incl1..tdes the environmental

health studies which is working closely with the State Health

Department and the Epidemiology Department at the University

of Minne sota. 1'hey are attempting to determine the health

significill1ce of specific elements found in the ores already

sampled in Minnesota, as well as the health problems associated

with other copper~'nic]<;:el mines throuehout the country' 0

,/

r -
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T.he f;ocioccono:nic Group is relying on inform;J.tlon obtained

from the 1J.l, e;"cnt ;.:md expanding tac oni t8 industry 9 and will

assess WhD,i; irJpacts the copper-nick.el mining vfill have on

this x·'eglon. 1'he areas they are inve stigating include land

use ~ commuxdty impacts ~ energy trends and econof:1ic effects on
. ,

the p(~ople of NOl:",theastern r\1innesota. A rec(~nt publication '

'by King and Kxeism3_D (6) has summarized the areas which wiI1

be investigated and the objectives of this study. (See Table 1)

Table 1. Objectives of the Environmental Qtiality Council

Regional Copper-Nickel Study *
Objective 1. Regional Impact Assessment

srrtJDY SPHERE STUDY DISC IPI,INEGe ology-'-·_·_-~~·~-~-~-~l)edro-(~);: geQIC;gy--·~--~mineroi o-gy--
~{Li thos~...§J~__~_~~.~.._suT:(icl2,Lg.e~log-y _J-lydrous P.1inerals _
Atmosphere air qU8.1i ty noise

, . rneteoroloP:"/ m:-08ciDitation che!:listrv
Watel~Hesourc'~e~s ~-~-·grc)Und"'ia.ze-r-hYcCr-o~qu2}ifY--··-'·------·----_..~
_(Jiydr~s D~ e :~e..L-~~_2. t §.r.-h..'Ldro1 or::-:::.u Cl Uell i ty_. _
Aquatic Life decoTnDosers invertebra'tes -----
.(Aquati.c biosnhere) 2.Clu::~_tlc ve£;9tation fish
Terr-cs tr121 Life--~-s0 i1-·---..I------- re p::':t~J.-;-·.::-l-e-s------~---

(Terrestrial biosphere) vegetation birds
insects mammals

..£l.l!lPhi bi2Jls ]1um2.n~th & safety__
~-econo:nic sphere energy demography

commw1i ty profiles economics
taxes land use .. _

Objective 2. Com~unication of Results



lrhe WOl"}~ I have been doing is on the Dunka Eiver. rr1his

watershed is a distinct hydrologic unit'draining 53 ,square

miles (8), and is bounded by the Laurentian Divide on the

South and i'lest p with all the water flowing north into Birch

La};:e. From here the water flows into, the 1<'8owishiw1 Rive!."

which is the major river north of the divide. This water

then flows through a chain of lakes in the ~oundary Waters

Canoe Area~ and eventuallY into the Hudson Bay drainage

.
The bedrock geology of this region consists of gabbro in the

Southeast to Virginia slate and Biwabik iron formation in

the Northwest. outcroppings of bedrock are llght throughout

the easter11 half f being slightly heavier in the South. More
f."

and larger outcroppings occur in the Southwest quarter of the

watershed. The surficial geology is primarily bogs and

glacial outwash. There is peat deposition to an average~ iA~:
depth of 1) to 15 feet. The entir~ watershed is potentially

a surface aquifer. The topography ranges from 1500 feet at

the mouth of the Dunka to 1'720 feet at the Laurentian Divide.

As can be seen in figure J the southern end of Erie mining

companies open pit is in the watershed, iJ.~d the Northeastern

portion of Reserve nining's Peter-Mitchell pit. Reserve

appropriates water from the Dunka river, and has four

discharges into it or tributaries of it. It also appears



b CU/Ni Sampling station

X AMAX ~vater Monitoring stati

* Reserve Mining Discharge

"



·
that water J.S being lost from the Dunl\:a by seepage into

This investigation began as a result of peculiar peaks

occuring on the USGS conductivity recorder at the eu-Ni

sampling station D-l. (see figure 3). 'rhe goals were to

characterize these peaks, attempt to identify what is causing

them: and'determine the overall effects of mining on this

watershed, as compared to an undisturbed watershed.

)0101 Conductivity and Flow Patterns

I began by plotting hourly conductivity data at the D-l site

:from I\~arch through AUs'tlst 1976. Dv.ring the first three

weeks of Mc:t::cch the conductivi ty peaked nine times. The

baseline appeared to be about 250 - 275 pw~os/cm9 and the

peal\:s r8J1ged from 390 to 465 }.lmhos/crn. The first peak lasted

about 68 hours, while all the others lasted from 8 to 10

hours. One more moderate peak (350 p~10s/cm) occured on

March 2), and the conductivity then gradually dropped until

it reached 60 pmhos/cm on April 9th. It was very constant

thrOUGhout April, and then began gradually rising again 1.n

May G By r,Iay 24th it had reached 22.5 pmhos/em 9 and peaks

then occured on the 26th, 27th, and 29th. 'J.1hree more peaks

occurcd in the first wee}\: of June ranging from 3.50 to h05

prnhos/cm, and a single peak of 360 prnhos/cm lasting for J days



occurcd durinG the second weck o The conductivity was very. .
irregular throuc;hout the remainder of June and the first

week of July. 7.1ho values ranged from '75' to 200' prilhos/em.

This may be a series of ~~;maller peaks e but they Vlould be

.difficul t to :identify. rrhrouc;hout the rest of J-uly and the

first part of August peaks occured regularly. The baseline

appeared to be about 150 to 200 p~hos/cmt while the peaks

ranged from 4-00 to greatel" thaIl 520 p.mhos/crn o which was the

limit of the scale. There were 8 peaks oc6uring in the last

t11ree weeks of truly i! some lasting several days. These were

much more irres'Ularly shaped p and of a much greater n1agni tude

,than those occuring earlier in the year. Data was available

through the first five days of Auguste at which time the

conductivity was still dropping from the last peak which

occured on the J1st of Julya
,t'

The peaJ:s throughout the entire period stUdied e began shortly

after noon, and appeared on all days of the week ( no

particular days seemed to have more peaks than others).

I then compared the conductivity data available from monthly

sa.mples at the four AMAX sit'es, and the two eu-Ni sites. (See

fie;-ure J). These are shown in figure 4-, and table 2. The

lowest values found are those up0trcam where the watershed

ls not affected by any illining activity. The highest values

are found at the AMAX S-2 and S-J sites on l-:..angley Creek

which receives J of Reservp minings discharges. The sample



I

o

"+)
()
o

,
I

\J
'0

o
.-l

...~. :- , ..

o
o
1"\1

. .. ._.....-.. -- _.....

..... _ - .

~

\,
\,
\,
\

..
, ,." "'-'--'"

... , . .~ .. .....

-,., ... . ...... ... -_.. ' .. ,. .

o
o
r ........

)
.. <ll

.J
t,I'

• A ....'. '~'.'. : ••~~~~••••-: ••••_ •••• " I .
el.. \

........... ', .~._:...~ -: :..... .

'0

\
.'l!l

\
~

\
~

.J>'• fl

V)\
~e I

~l

.. .. , _- ,. .

o
o
-->.

o
o...........

...... ,.

o
o

(")

()



Ta,ble 2. Conductivi,ty in )lmhos/crn of the Dunka Hiver

mean

D~l J01.5
AMAX 3-7 274
AIM.X 8-2, S--J lt6Ll-

I

Qo,0- AT:.A,:.;:..X=--:=;s_-..:;:.6----,1:::..".0, 6

2 SEM
,_-.....c:.r-cc-a.D.L;_e_~t eJ-! c1 ev .~t1:1}21 ~l?-.o~ El,1 ~~_,J<:i~_S: Io~~_

58-680 203.7 11 61.7 165.6-437.4
60-600 179.5 9 59.8 138.6-409.4
170-880 187.4 18 44.2 371.1-556.9
~~..!..i._.--1.l ~__.-2t ·L:lj-L.!.J.

stations dO'.'rnstream from Langley Cree}\: shO\ved intermediate

square root of the number of samples.

interval 'ottained from a t-table, I then determined if the

values, possibly indicating a dilution of the La11g1ey water. '~/

However the D-l samples did at times record values higher

than Langley sites, indicating there may be some influence

on the mean conductivity from Reserve discharge number 001.
\ ... )) c/.

r d t . h . I I' \. J <:U.jt'A¢., ° ,1To e eruune whether t e dl.fferences between 'the samp J.ng ,t ,<1'-,

, apJ vp-h1:- P'l
sites is significant, I have determined the standard error ' of) . ~,-+ ,!,~,

.r!? ,('~d _' .:<n ,"

of the mean (SEl\1) using the standard deviation divided by the'/, I~ 91)
\"d~~~t./ 1v'i.'i.L'I.~,/

Using a 95% confidence,~f' ,tALL
I ...

\f"l;:~}"'·o/:.*<'/'

values from different stations overlapped. If no overlap

occurs, the di.fferences are significant at the 95% confidence

level.

For the Dunka river conductivity, the samples taken at D-l,

S....7. and langley Creek are not significantly different. The

D-2 samples, however are sib'11ificantly different from D-·l ~ and

from Langley Creek.

To determine whether thcse fluxuations arc naturally occuring

In a stream, I have lookcd at the conductivity of an



8.1 60.0-94.116

, ? 5.3

J2.2

14,,1

--------"-~•.,------~ .....-----
30-70

77.0

. 2 SEM
.me211_~.ng~~d. d ev . -!.{!S2L'l1P..:Le2~?E;',1_~.-22_C L

lmdisturbed watershed. The Stony River watershed (see fig. 2),

"

other natural occurence has some influence on the 'incJr-eased

Table J. Conductivity in umhos/cm of the stony River

is nearby. has a continuous monitor, has' been sampled at

approximately the same times. and is undisturbed by mining

I

and do\'mstre2...l11 as obtained from the bimonthly samples of the

Cu-Ni study.

the peaks observed in the Dunka, and the variability is much

less. However there is a significant 1ncrease in the mean

do\'m~;treaTIl conductivity froD. that upstream. Table:3 sho\vs

the conductivity in ur.lhos/cm of the stony river both ups treanl

The hourly conductivity of the Stony River does not show

The 95 percent confidence intervais do not overlap. This

would indicate that the runoff from the watershed or some

conductivity downstream.

I then obtained the hourly flow data from the USGS monitor at

D-l and plotted this against the conductivity at different

times of the yea.r. Several sections of this are shown in

:f1gurc 5. During periods of low flow, the flow pattern

. or other indus trie s.

§13J}D21e site
do\'mstrea..'1l '

(SR-l )

upstream
{SR-S)
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The flow remained low

It continued to increase until the second week of

(2 to 4 cfs) through the first several weeks of June when

peak it reached values as high as 16 cis.

March.

conductivity peaks 'appeared again.

conductivity peaks were ~ccuring.

j (\ IJ I'

,!~i1/>"(; ,";

shows the same peaks as the conductivity, preceding them b,/ ti~ /I,,~

one or two hours. In the first three weeks of March the 1
daily flow reported by the USGS is g(,~neral1y from 2 to 5 \ c.) f)

"cubic feet per second (cfs). however when measured during a ~~1i ~
~ () ~\ ~

The flow lncreased ~ \'.? .~ ~
. ~ .;j -1 ''';'--\:;' (- .j

c\ I~ ••~

rapidly during sp:cing runoff I reaching 11+0 cfs by the end of ~,+~ d;; ,i,; }.j

C~< 1"': .J~)
£\••,:\. M /")
~-t "";\b.

I >.. ~ I c';

April. when it reached J80 cfs and then began dropping off bY,~ C) .~ ;~/\: ,>'~,

'} J t 1 fA' J T\· grad'lal c:1rop' COl1tinued until .:::l J, •.<} ::~, ,') ",\'C 18 .as· wee ~ O' prl.o _111S '. '.J ''', I.) 'I "

the 25th of M.ay when 8 cf's was flowing I and at this time the <~ .1 :~: (,~~,\I. /. I

~
-< t '. "",' • ",' ','. \, l f::) t" £.,_ c:'

"l "lo\~

""""t~ ·1·",~ ~ ~~~ /,";) J
~.~. ttit\~~ ~~ ~.,~':) ~ ,~.,

s'} '-;V"'. :> ,~
~ " .. \ /c~.~
~>r.. .•.-::, ( .J

? f~ ,\ .
Rainfall in June increased <r'\ I) c~<t,)

'l'·<j . ,,'I '
" .~ (, ~ J'~the flo0 to about 130 cfs and then it gradually dropped to ·

less tha:n 10 cfs in early July. Because of the exceptionally IA.£/.-t I1('}:?',,!

dry year, 'less than ~'::£B>.was flowing by the end of July and /r1-~'(,{~:.:/~
early August when the large conductivity peaks were occuring. Z:t.{~ (

17ig;ure .5 shows that during times of high flow the conductivi ty

shows a straight line while peaks in the flow still appear to

beoccuring several times a weeke An estimate of the volume

of ono of the small peaks in figure 5, shows it contains

approxinately 117,000 gallons of water. Many of the larger

peaks contain considerably more.

A comparison of the flow and conductivity patterns between

".
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the Dunka and S'cony rivcr'c;; (C3CO figure 6) & shows that tIll"?

Dunka exibits a great deal more variatiOl~ in the con.ductivity.

This is at least partially due to the low f10\'1 of the Dunka

( at times there was zero flow)g but may also be influencod

by the increased conductivity ~1 the peaks occuring at times

of low flow. The low flow alone does not appear to be able

to account for the large variation observed p because the

c-" h I' '..I 1 'r'''.r.. "','''+J'-O'1 • ~ t'" ,.I)"Gony s. 0'.'1,8 J:C C. e '<CL.J.. -l v, • Je.n ccmc'uc·aVJ. 'cy even QurJ.rJg

low flow.

3~1.2'Composition of the Conductivity Peaks

its

To determine the cornposi"cion of the con.ductivity peaks p I

first cor:1pared the sa.mples obtained fr'om f:a,ch of the stations

on the Dunka river 9 and' chose thOSf:? l)ar8Jneters showing the

most mar'i;:ed differences betweGm D·.:1. and D"·2" These incJ.uded

chloride~ sulfate e calciwll p sodium~ potassiUffi p and possibly

magnesium an.d nitrates. Tables 4 through 10 show the values

obtained for these at each of the four locations in the Dunl\.a

river watershed. The differences between D~l and D-2 were

no'~ significant for Mg and N0.3 p while Gl, SOLj..9 Cap Na, and

K all showed significant differences in the 95 percent

confidence intervals. Irhe intermediate seations generally

show values higher than D-l or intermediate between D~l and



D,~t

!\fIiAX S-7
Ar.1AX S~2F S-J

IL:~.2J~-Ar,:..l\ X.. s-6

~:able h. ConcentX'3. tion or' Chloride in the Dunka HiveI' (mg/l)
2 SEll!

.s.£1JllJ:~1~__~Lt~~~ 'Y> n ~IJ~ ' __£gn£':.Q_.~EJ;d•d ~._.JLs~~_Lc s _~~L ~__..25i~~J2I_
39.5 5.1-88 JO.7 15 7.9 22.5-56.5
330) 6~·69 32.) J' 1807 L 0··11.3.6

49.3 29-81 20.2 6 8.4 27.7-70.9
_ 2_~Q...._LJ:..,--Q~-:~Q,__0 ~22-_~_~?__.__ShJ2~_~1 ~.:~ 2.JL.

'lIable .5. Concentration of Sulphate in the Dunka River (mg/l)
2 SEM

saTODle site meCl.n r(lJ1r~e std.dev. {}sanmles SEM 2S% C1
~~x~_~~~--'~__~ ",,·_~.r~__.,, ~~_.....>. __~~ ~=.~~__~~-_----".~-----~~~.....,..=-

D-l 28.1 5.3-70.0 23.3 15 6.0 15.2-41.0
AI'.IAX ~)'-7 16.5 5··58 19.2 8 6.8 0.5·~J2.5

AMf1.X S-2 9 S-J 2) 8·~68 :t6 o l r 16 4.1 14.J~31.8

n~:2L..liI1A2.~~.3Ll~~-!...0 '::1..L--~-.-J~J ~__,.j)~~~~._1!.-1:.-,=:1~

Tablo 6. Concentration of Calcium in the Dunka Hiver (mg/I)
2 SEl\1

f.).mD1?1ce.__~'Lt:tL_~J:!l_E]2-!l_.~~rgIl~~< s.~~. dey'..!... !!~_amEJe~_$EI~22-. C1_

32 0 0 3.8-84 26.0 10 8.2 1).4-50.6

h~~X 8-7 .22 6-J6 15.1 J 8.7 <0-59.5
AMAX 8-2, g~J 34.8 22-42 8.4 6 304 26.0-43. 6 .
IJ::Z.r A8~.?;:.._S-L.~2. J. :1.:.10.0 2.8 ~....J.!+-lo.l£

Table 7. Concentration of Sodium in th~ Dunka River (mg/I)
2 SEI',~

§j~l?~tt~.. ..,1T:l?an__~.xang,--e--..;s:;.....t-,-·d.dev. t!salTIple s SEM 25% CI

D"'l 13.4 0.5 q ·35 13.6 10 4.) 3.7-2·3.1
lUlIAX 8-7 15.2 2.4·~35 17.4 .3 10.1 <'0-58.6
An~X 8-2, S-3 20.3 8-38 13.2 6 5.4 6.5-J4.2
~~~_"._1~._8__~9_!..2-2.7 o. 8 _.-2_~~

fi.?T:11)lc sit._e__me3-!l range std.dev •.l.:::samnles__ SET/!

D-l 206 0.7-5.2 1.6 10 0.5
A~~X S-7 2.6 0.4-5.5 2.6 .3 1.5
.MAX 5-2, S-3 4.2 2.3-6.3 1.8 6 .75

])--2, Ai\~/\~_j)2~_J0.!±-0_~~---..i. ~._ .01..

Table 8. Concentration of Potassium in the Dunka River (mg/l)
2 SEr,~

-.-93J~-rr_

1.5-J.8
<0-7.4

2.)-6.1
O.}-o.z--



"

:l.'able 9 ' Concentration of Magncsitun in the Dunka Hivcr (rng/l)
, 2 SEM

f> a.l!lPl.S~ sit~~~n .._.'_~_!:QJ'lg§!.__.~ t cl <_clev~2.§:m}21 c s ~.§y;:r'L__221o_Q.L
D-1 18.2 ).9··68 19. J-I- 1'0 6.1 '4.J~J201

AMAX S--7 j.2.2 If. 6~-:l8 6.9 :3 11'00 <0"2 IL 9
AMAX 8-2 0 S-J 15.3 11-19 3.9 4 2.0 9.9-20.7

D-:~~J.• Af,:'4 X S- 6 -5~.L_._1..0 2·~2_.~b,.L___ lJ. J.·L~2 ..1 - 8 ·7_

Table 10. Concentration of Nitrates in the Dunka River (mg/l)
2 SEM

p~~~__ me a~~l~__~~n~_stel. ele V,L.J!S amDl e s _S:8\L~._...5L22.SL
J)··1 )87 0.16-13 5.2 [3 1.8 "'"0-7.9
Al\1AX S'~7 1 0 0 ,{0.1···2.8 1.6' J 0.9· '<'0-).9

AIo1AX S-2, S-) 1.6 <0.1-5.0 2.1 6 0.9 '<:0~3.'7

D,,:g! AIi'::A~~S ". 6 ~ 0 '_ 27 ..~!.l=.Q.L2-.~.~_Q~L~~_.-l_._. _Ch1J~~Q - 0 •8 _

To determine if the changes occuring from the ups;trea.rn site

(D-2) p to the downstre,11ll 5i,te (D·~l) were. due 'to natural

6ccurences .within the watershed 9 I again looked at the stony

river" The data from two sites on the stony river are shown

in tables 11 and 12.

Table 11. DovrI1stream Stony River (SR-l)

'mg~-
2 SEM

~_~_1_.-.-J:.Cl:I!~ std.dev. !!:samDles SEM 25% CI
.~~

Cl 1.9 1.1~·J.7 0.74 15· 0.2 1.5-2.3
SOl} 6.2 2.7 ·-8.6 1.J.J. 16 0.3 5.5-6.9
Ga. 10.) 3.0-22 6.9 11 2.1 5.7-14.9
Na 1.7 0.J~·).1 0.6 11 0.2 1.3-2.1
K 0.6 O.lJ--O.7 0.1 11 .0) .53-.67
Mg It.8 2.4~J7 12.5 11 J.8 3·5-20.1
!iQJ-"~-"_."Q.~--.28__. ,_92 2 .. __ .~D. · 01-- .J--2.~~



Table 12. Upstream stony River (SR-S)
. 2SEM

m0_._L__ mean_...._~~'J5~.l:lGQ .~_ sj;d_~~]ey~_j!3}'J2mp..~.sUL~EM .-22% ~l_

Cl 1.8 1.0-J.3 0.8 7 00) 1.1-2.5
S04 7~2 6.6-9.0 1.4 7 .0 0 5 6.0-8.4
Ca 700 2.5-15 506 4 2 0 8 ~0-14.8

Na ::1.0:1.5 Doh-·l.7 0.6 l~ OG) • .35~2QO

K O.B 0.6~·O.9 0.1.5 l} 008 .6-1.0

Mg 2.~ 1.8-2.9 0.6 3 03.5 1.)-.3.5
liQJ_~.~_~":;L._~.!.g2<··Q.~~2_!-1-L J_._.~~._~O~L_~S?~~

The 95 percent intervals~ determined from the SEI\1 show no

significcmt difference be'b'leen SR-l and SR-,5 £'01"' any of the

seven para~eters tested.

The variation observed in the Dunka river is primarily due

to large values obtained during periods of low flow. This

does not occur in the stony river system. Appendix I shows
"

the yearly flow pattern for the two river systems, and the

variation occuring in chloride, sulfate, calcium, sodium,

and potassium.

3@lc3 Source of the Conductivity Peaks

Observations of the Dunka watershed e have shovm that the only

discharges into this system are from Reserve mining company's

Petcr<~r\Iitchell pit. Erie mining company's Dunka pit is

partially in the watershed t and dust er.lmissions may influence

the water quality, but they have no direct discharges.

'11h81'e is also the Lindy oXYGen plant Ioea ted upstream from

"
,. .

. ,



tho Ar.1i\X S~'7 ~;itc w ho\'/ever they helve no apparent discharges.

Data from Eese:cve 9 s discharges wa.s obtained from permit

application::; to the National Pollutant Discharge Elimination

'System (NPDES) and State Disposal System Permit P:r:ogram. rrhe

discharge data ,for the corHluctivity and the '7 parameters which

appC(:n:ed to be elevated <:1.t the D-·l ::d:t:e are shown in tables

13 through 16.

J@6 32.5-48.3
.3~2 3Jo9-~·7.9

JoO .?~6.8-40,o

2.:1. 1:t~1-20.)

0.4 204-4.0
105 1'+ .. 1-20.5

.~;:::........__.....;~.O_

12.6 1.2
tl.t 12
10.5 12

7.3 12

1 .. 2 12

5.1 12
2. l ,. t2

Quality of Reserve Discll.arge- 001
:2 SEM

Tn e all .~_~~~~~.?;.D.~~.~__§..t q.!_.si~..Y..JLs 2.]'i1nte s _~fJ1 -2.S? Ql--~

l~l.3.J 280~-800 135.'7 12 .39.2 .327.9-1+98.8

:10..ter

con.ductivi -'2y
p.mhos/cm

Cl rug/I L~OJ1~ 22 •.5~·6JoO

ti'l. mg/I l~,O. 9 2J < 0=60 .II,

",," mg/l . .33.11, 22. e,-6J, 6
Na mg/l :L5.'? 9. L}=·36.·6'
K mg/l 3.2 2.1~608

Mg mg!1 :I. 7• .3 t :L 6<3 0 • 9
I'lqJ~_DlE~5 ;L0·~8. 8

Table 14. Water Quality of Reserve Discharge 002
2 SEM·

~""-~.."...-,~.-~.
"...Ine8~ll-..___r0.!iJ.:;_e_._J:; t d ,_9.§v~j!s2.nm 3. es SEM ~_CI

conductivity 394-06 210·~.500 77.6 12 22.'+ JLl-.5. 7-4lj'J • .5
pmhos/em .

Cl rng/I 39.6 21 l' t:6 7 10.5 12 3.0 )3.0-46.2.. _ ••)~:J •

.S04 mg/I 29.9 20. 8··4·1} • 0 9.1 12 2 0 6 2h.2-35.6
Ca mg/l Jl-}. 0 16.2~I+lJf. '1.0 12 2.0 29.6-38 •~.

Na me/I 17. lt 6.8··29.2 '7.1 :t2 2.1 12.9-21.9
K mg/l 4.3 2.48"'.5.23 .72 12 0.2 J. 8--4. 8
M,o- mdl 16.1 8.5··:1.9.7 3.1 12 009 il!,.1-18.1:>

~-::~J~ Tn FLt_____l :2._~o_J.--=0..L,,___!:.2.~____). 2 0.2 C.S-t.L.



Table 15. Water QU~lit~ of Reserve Discharge 004
. 2 SEM

.__~___ ~9il:~~~_.·~.~ __I?-)~1!~~?Jd . eJ:E v •.JL§ am1)1 e:.,.s __§}iJ.1_.,_,~....9j1:-.J!1 ~._

11 11- 6 e J 1 090 ~1225 57 •9 Ii- 290 0 1 065 . 9--12 26•7conductivity
pmhos/cm

Cl. rng/I 270.5 2J8.9~<310 29.5 4· l4·.8 229.5 u Jll.5
S04 rug/I :1.8.6 7.5e~34.4, 13.24 6.6 O.J~J6.9

ea mg/l 113.6 105./j,~120.5 6.6 4, 3.3 101+.4-122.8

Na rug/I 39.9 30.6-48.4 7.5 4 ;.8 29.J~50.5

K rng/l 8.lf 7.1 = 9.5 1 .1 If 006' 6. 7 = 10. 1

r~~g mg/I J 0 •1 29 •3 -, ) 1. 0 8 1 0 2 4 0 •6 28 •L~~.J1 •8

N03_TD.p;/L__.~.__~~._1~__ -:"Q~:~ll_.· OL_~__l_~_· ~Q1__~9~?_ ·2~__~
p .~.. () \.)

• /h/'ts",ltl\ it. t· •.lt·· ('1)(,,,1::"
Table'16. ~ater Quality of Reserve Dlscharge 005 ~~hn r/~

2 SEM ",. '~""'" ""~,

~O;-'1~~~~:>'-~~~-ty---f~J~~~:8~-5:~~~;~_s~~tgn:l e~~;:9S;:~ ~~7~! ) ~"'0
vI .mg/I 135JI- 122~·lh8 1309 4· 7.0 116.O-15li,.8..../ j

'
• 1:~~.c.,,'I::'l!'Pr.R"·~

SOh mg/l . 8.9 5.6·~111,.8 ~L.3 4 2.2 2.8'·15.0
~

Ca rug/I 64.8 59-75 7.5 4 J.8 54.2=75.4
Na mg/I 12.4 11.3-1).5 .89 4 0.5 11.0-13.8

K rug/I .3 •9 2 •98 -4· . 72 • 9 4 0 & '5 20 5-5. :3
Mg mg/I 19 •1. 18 •2·~20 •:3 0 9 4 0 • .5 17 • 7 - 2°..5
!iQJ_.~g/J:....-- L 0 •1 I.. 0. 1 0 ,__4;.-.' _

Discharge 001 has significantly higher concentrations (95

percent confidence intervals do not overlap) than D-2 for

all parameters tested, and 1s not significantly different

from D~l for any of the parameters. '1'he other two stations,

S'-7 and Langley Creel:: show no significant difference from

discharge 001 except for s04 which are higher in the

discharGe.

. .



frhe concentrations in dischargt: 002 ,.'.1.1:'8 significantly higher

thc::m D-2 for all parameters except nitrate~, while D-l,

S~'7 and r,angley Creek ::;how no signific811t differences.

The conductivity of discharge 004 is significal1tly higher

than any of the ~~ampl.ing stations v as is the concentrQtion

of calcium and, chloride. The concentrations of sulphates

..L .'. f' t ] d' ff t f f thand Dl.tra l-es are no"\; Sl[';YlL. J.can·~._y J. eren' . rom any O' e

sta tions. \1'h8 magnesium in OO~, is significantly higher than

D=2 D S··7 and 13_ngley. . 'l1J1e potassium is significantly higher
,

tha.n D~·1. ~ D·~2 and Langley g and the sodium is significantly

higher thcl.n D<L and ))··2.

Discharge 005 has a sign.ificantly higher conductivi ty than

D~"l ~ S·e'7 and D·~2. ~rhe sulphate concentration is significantly
"

lower than D~·l @ while the calcium is significantly higher

than D~·l c Langley and D-2.. The Mg 9 Na and K are significantly

higher than D~2o

In order to assess the impact of these discharges on the

wa~ershed, it is also necessary to look at the volume of
"

these discharges. For the year 1975, when these samples were

obtained, the average discha:x'ges were: 2.89 million gallons

per day (mGd) for discharge 001 (maximum 12.67 mgd); 2.10 mgd
LJ1Jll/I~'(.~ ~

for discharge 002 (maximum 19.01 mgd); 0.22 mgd for discharge;' 0

004,; and 0.28 mgd for discharge 005. «(raken from NPDES /



permit application.)' Al though discharges 001 and 002 have

'I CJ "'-l' on' s for_~ 1110S.,·t; of the pa 'f'>ameters. the amounts_.ower cone· . ".'..1, IJ ~ _. +- •

of the particular elements that they are contributing are

higher. The other components which Reserve analyzed for

in these disch2.rges have been summarized in Appendix II.

None of these appear to have concentrations high enough to

be influencing the conductivity to a very great extent •

.
The constituents which appear to be responsible for the

conductivity peaks occurring at the D-l monitor are primarily

chloride 9 sulfate 9 calciwn§ sodhuQ p and potassiuffip .and the

source appears to be discharges from Reserve Mining.

Alth01.igh discharge oolf is significantly higher than any of

the sampJ,..ing stations for most parameters 9 the large

distance ~rorn the manitoI'D and the small volume of the discharge

make it unlikely that this would be causing the peaks.

Discharge 00.5 aJ.so has a very small volume, and the differences

in conductivity are not that pronounced for the distance

it is from the monitor.

Discharge 002 has a large volume, is significantly different

fr6m upstream conductivity, and is the same as the monitor

conductivity. The distance this discharge must travel

down Langley Creel<:, and then the mixing with upstrean

Dunka. \vater before rcaching the monitor would reduce the

\I

, .



conductivity considerably below that appearing in the peaks.

Discharge 001 appears to be the likely source of the con-

ductiv.i. ty pecJJc,:,;. ~[,h(~ eV811=·ne 5S g and duration of the peaks p

'the magl1i tude of the conductivity l) and the similarity to

the D-l values would support thisD

Further evidence in.dicating the relationship between an \
\

increase i,n concentrations of certain parameters and the I -Ij'~
(y-J I<.i,.,(l)

conductivity pea,};;:::; ~ are t:hE~ linea.l"' regre~;sion analysis \.Jt<?1'.v,;t",,--.}:./1 --I. ;//.'
I. .

done ~y the USGS in 19'?.5. The data c on8 5. s te d of only \ ,d--'::'UF{rp {./, {)/.'~
r~ 1 < , d t b ' \ Z fit~ . J''' P 1o samp.~es over a rnn(3 y'e;:tr: perlO ~ and canno' e conS.ldere~ ' . <"-~!J/"( .

\,: to be an accurate repre8enta:t;ion of what the relationships

3.1"'e throughout the y(~ar. 111w corrc~lation coefficient fell'" \
'. )1

chloride. conc/"mtrat:ioD aXld conductivity was __0 ~ 80502 v wli.i1e

tha·~ fa; sulphate and conductivity wa~~ The other

parameters were not analyzed o however dissolved solids and

conductivity has a correlation coeffic{~nt of 0.862160

'1'0 determine \'Ihy the concentrations of these five elements

are elevated p and whereth(~ discharges originate from, it

Is necessary to investigate the operations at Reserve's

Pet~r-Mitchell Pite

Reserve mining which is owned jointly by Republic Steel



. ,

Corporation of Cleveland p Ohio!, 3J1d Armco Steel Corporation

of ~1idcnetown9 Ohio f started construction· on theIr taconite

• 0 i' .<] °t' ( J'11 19"1m:uung aC1._.1 '.10.3. ) " • 'l'hey began operation in 195.5 with

a capad. ty of J p 750,000 tons of iron ore pellets armually.

At present their open pit is 9 miles long by one mile wide

tlnd they have mirwd 4'179500 v 000 tons 'of ore. 'rhey are

presently mining about 90.000 tons'of ore per day from the

Biwabik Iron Formation 0 ~l'his formation consists of chemicaJ.

precipitates of iron silicates ~ carbonates ~ silica aXld iron

oxides'~ both rnag11etic and non~magnetic.

The mining operation is preceded by diamond drilling which

produces cor'o ~::>2Jnples that are ana.lyzed to determine the

quality and· extent of the ore body. Once the area to be

mined has been established, all the vegetation is removed
.. .

WJ.th tractors. The surface overburden, which is from 2

to 25 feet thick is removed with electric power shovels at

a rate of 1,000,000 cubic yards each year. Rock stripping

thGn removes material up to 100 feet thick, and exposes the

01:'C. After cleaning up the r(;maining waste material ~ blast

holes are drilled with jet piercing machines. These use a

high temperature (4400 0 F) fuel oil-oxygen flame which causes

the rock to chip. i'Jater is used to cool the burner and carry

the chips out of the hole. Reserve presently operates 11

jet piercing machines throughout the mine, and blasts about



90 tir:lCS a year. An averaGe blast consists of 250 holc8 9

38 feet :in depth p and breaks approxima.tE?ly 350~00O tons

of taconite. 1118 cxplo~;ive used is an ammonium nitrate~ based

.slurry 8 and the holes are connect(~cl by diagonal rows of

detonating fuse with extremely short (5 to 17 milliseconds)

delays. Haul roads are then cleared through the blasted ore

and 11 and 12 yard capacity electric shovels load the taconite

into 90-ton and lJ5-ton capacity trucks. These trucks

haul the 90 p 000 tons of taconlte liar day 8J'1 average of 1.9

miles to the primary cr'ushers a Six shovels are generally in

operation to maintain the annual prod.uction of' 30,000,000
. / ~~~ Cf'cJ?/ '

,tons o:f~rlftJ" Once the ore has gone through several

crushers II it-rs load.ed b;y conveyor belt into 8.s··ton capacity

railroad "cars • Abou t 160 cars maJ\:e up a train. and they

<tr~vel the l~'7 miles to Silver Bay about .52 times a week.

There the ore is processed into concentrated pellets. Appendix

III shows the present extent of the Peter-~itchell Pit

mining oper·ation.

:P.he I,aurentian divide crosses the middle of the pit with the

water in the eastern end flowing into the Dunka River watershed g

t1.11dthat in the western end, where most of the present mining

activity is p flowing into the Partridge River watershed. The

water collects in the mine basins from rainfall. runoff,

- .



ground vta ter seepage f and drainage from lakes ~ Dur·ing

mining operations9 this water must be pumped from the basins

and it is u;mally p1..lf,1ped 2 to J times a week for periods of

8 hours or more at a time (9). The east end of the pit has

four prir.13.ry discharge points into the Dunlra River watershed

(see figure J).

Discharge ,001 contains 1"U.nof£ from a heavy equipment repair

shop which contains a steam cleaner, the mine personnel

entrance road ~ and a sanitary septic system for about 1}2 men.

This along with rainfall e ground water, and drainage from

Iron and Argo u1.kes is pwnped through a t,:ulvert into a

SWaJl1PY area, and natural drainage carries it into the Dun}\:a

River s.CFvera.l hundred yards upstream from the D-1 moni toro

Discharge 002 is largely surface runoff and ground water in

the mine pit which is pumped into 8. swamp, forming the

headwaters of Langley Creek. There are, however, trucks

and shovels operating in this arE:8. creating dust. Di.scharge

005 is surface runoff from 210.3 acres, which contains a

wash and paint shop, septic system for 6 men, locomotive

fueling station, tire shop and a taconite stock pileo

Disch:lrge 004 is also primarily surface runoff, however the

lh6 acres which drain here include the Number 1 crusher,

vehicle repair shops, railroad repair shop, water treatment

plant, railroad ballast plant, and Imhoff sewage treatment

.. .



Figure 7 Schematic of ~ator Flow in tho East End of
Reser'vo I 8 Pctcr .. r.1itclwl1 Pit {t·
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* Adap.Jced from Reserve permit applica tions to~ National

Pol1utnnt Discharge Eli8.ination System, and state
Dis'posal System Permit Program.
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plant serving appro'ximately 955 employees. F'igurc~ 7 shows

the general water'flow in the east end of the Peter-Mitchell

The shape and size of the conductivity peaks seems to indicate

that little dispersion or dilution has taken place before

passing the monitor. This would imply that discharge 001

is primarily responsible for the peaks. Langley Creek enters

mOl"O than 2.5 miles upstremn from the monitor and this is

where the other discharges are located. Although -discharges

I OOI} and 00.5 have very high conductivi tYt' the peaks ~~2:~ 'l"}t,,,,"~·?
would not appear as sharp if the water had traveled that far. J!!.Yi?~"'v,t:

l,l.l!",-1' ~Il
Discharge 002 is even farther away. ,cfJ.~,-j~\ ;,

Tlie discharges are a result of dewatering the mine pits t and

this water has come from ground water seepage and surface

runoff. To determine the characteristics of the ground water

in the region, I have loo]\:ed at well sample s taken by AMAX.

These wells were poorly constructed and the values may not

be very accurate, however, they will serve to indicate the

general quality of ground water in the area. Table 17 shows

a summary of the parameters which have appeared elevated in

the di.scharges. 'I'hese values have been obtained using 15

samples taken from 5 wells in 197S. (A~1AX wells ~JT-) e 1/_ 9697 and 8).



Table 170 Groundwate:e Quality of Dunka i'Jatpr'~;hed {}
. 2 SEM

me2n std.dcY. !!samDles SE1\1 22~~ C1 _
~~_.'~'""""",...""-_~~'~..._.,,,_~ ..,..,,,,•• ~'_'~"''''''''~_~~,~__~,-o~-,,,,,,•. l.~....,.__~~.~,.. -=_,..--c=~.,.......,_., .. _.._,,..... -..,,.,...._~.~ oJ· ~ _._-......~=-~.~--="-,,

conductivity JJJ.7 200.8 15 51.9 22J.l~4440J
plnhos/cm

· 01 mg/l 2. 9 . 1 0 J j,.5
S 0 / 1 t' Q 7 0 1 ~4 rag._ .) • ;I 6 • :;

Co. rag/I 2801 1.509 15 l~dl

Na mg/l 3. 6 1&) 15 G:YI' 2.9·.11'03
K' mg/l ,,68 0.3 15 eOS .20,c·.8.5

Mg mgfl 19. 9 12. 9 15 J. :, :t 2.8 = ~J. 7 0 0

'"' N' / 0 •5~__0~.J~~ ~,~~.~t5_~~~~.Q~t"~~._~J_:t:~e(21NOJ~..l __--,--~

-Ii- 9:'aken from AMAX 1 975 Summary

~rhe conductivityp calcium and magTH3SiulYl are not signific8.ntly

different from discharge 001. or sampling site D-1, however,

i~hey a.re significantly higher than D~2. ~rhe concentrations

of chloride t sulphate a.nd potassium in the well wat(~r are

significa-:-rtly lower than discharge 001 and ])«·1. These

l')arameters are not significantly different from sample sitfl D-2.

other factors within the mining opera.tion which may increase

the conductivity of the discharges include runoff from water

and sewage treatment facilities, drilling operations. hauling

l"'oads and machine'! and repair shops.

Samples taken by Reserve during 1975 showed that the septic

system draining to discharge 001 had a conductivity l~anging

from 950 to 1030 )l~los/cmp while that draining to discharge

004 ranged from 610 to JOOO rmhos/cm. Tho wator treatment
.-1/

~-t ().
{/I-?J [./.-vV\j,L .

<'~1.1l 71J0~
( "



facilities in the 004 drainage area use 2"~600 Ibs. of

AJ.S0
4

8.nd 2H3h 1 b:-.:;. of sodium. aluminate per month to

flocculate the suspended solids. The wat~r is then run

:~h:rough a s8.nd filter which is back-~washed into the DOLl--

d:Lscharge. ~Jwy also add 100

10 Ibs. of chlorine dailYe

Ibs. of sodium carbonate and

,£l~:;,-vf ,/J VIt'-<J.t:\6_ *..J!,"'/'vce-? ~~,J ;t;!
(? (»l l/'nf.,Ajj) > " .

'l'he prir;,ary factors responsible for the increased conductivi ty

appear to be ground water seepage, and runoff from sewage

and IVa'ter treatment facilities. )l..ojlt,~:~ j\LJ-""A.?

Other Ir;macts of T2.conite MininO'
..-=- ......-..=~=,_.._."~"'~_~.~_.__._~_~.".~~_~••_"~, :.::.o

Although the primary IJu:cpose of this in:vestigation was to

characte'l:ize the conductivity peaks , it is also important

to consider other changes which may be occurring in the

water quality as a result of taconite mining. Some of the

other impacts: include i changes in stream flow p discharge

of heavy metals, and discharge of sewage wastese

above and below Erie's Dunka Pit show that water is also

be seen seepinE, through the bame, and this at times can

According to data from" the U.S. Forest Service, Reserve Mining

appropriatc~LJ..lJ_2~.l1-2-QJL_g2.1lonsof Via ter from the Dunka River

,1 ~l
i )cy'A.,W-<,y"j

'"

1/\;~JvJ

I,<:.",-<--/\ r' A., !. r .-.J..' •..'... (

I -;;t. •
. 'v ,·,!..1.

Inside the pit water can

Observations of the stream

being lost here through seepage.

in 1975 for potable sources.



amOtmt to VQry signif.).C<:lr!."t;~;;unQ.un.:-.~s(}

C----·-··~_·_~

Flo',', measurements taken by the USGS near the A1VJAX S-7

81to and D··l show a dQcrease dO\'nlstream during low flow.

A measurement in April 1976 reported 0.76 cfs f~owing at

8=-7 and only 0.06 efs at D~l, while a' Novembc~r measurement

reported 1.68 efs at S~7 and O.JO cfs at D-lo Measurements
..<../'.Y- f·!,"'t,,,:-·

in October during higher flo\'/ showed 9.15 c,fs at 8--7» and . .-vI - n.J
,~",1Y' r:rT".,~,J! ~'i
I~ {J' '-l

9)1~6 cis at D--1. (10). The decrease in flo\'l observed in cjZ:(if:0~.!J ./

April and November is probably due to seepage. Reserve only

appropriates dU:C111g times of high flow and the difference

in volume would be much larger.

Although the concentrations of heavy metals in the discharge
~::>5 /.:.-----... jL d" t''J

is V8t'Y jow. the actual amounts may b<~_~r(/-' To ""'tr'?-Ai'.. J

de,termine the, arl10unts of some of' the heavy metals in discharge

001. I have used the average concentration (Appendix II),

and the average daily discharge of 2.89 mgd ~eported in the

NPDES permit applicat.:i.?,n, r S_om~) .of the amounts in an average
;/ P>".N -1Vrt.J ZV"~ ;-AiLjv-<:cr f

discharge'~re: 14.22 grams of copper, 48.13 grams of zinc,

32. 8/~ grams of n.iclcel g 3.28 grams of cadmium and 1. /.}. 22 grams

of lead. Evon small concentrations of these metals can effect

aquatic orG3J1isms, and interactions between them can multiply

these effects. Estimated toxic levels of lead are from

0.01 to 0.1 me/I B while cadmiulll C<.U1 kill newly··ha tched trout



('\)'ld Daphnia at concentrCltions as low as • 0005 rnC'/l~ (11)

Other constituents of the discharge may at times reach

concentI'ation~3 which are lethal to aquatic orgaJ'lisms.

lsil1g toxicity data compiled by Clarke (12) e parcJJneters in

D.:t5_nimum kno','m toxicity to fish or aquatic

e's discharge with a mean concentration above the

~~:tle lax'ge ntunber of employees in a mining operation necessitates

sewage,treatment facilities on the premises. Reserve has

sewage effluents drairling to discharge 001 and 004-. samPleSjl\:f1-\/v,U, ~r/)

{}f thE~ effluent draining to OOL~ showed the f'ollowing counts: <,:l1;-!;A~.r

fecal coliform bacteria§ 200-126~000 cts/l00rnl; total

coliformbacte~iaf 20 6 000-740 9 000 cts/l00 mI; and fecal

streptococci bacteria 5,800-260,000 cts/iOO mI. These

counts are very high and would be of conoern to public health

officials. A chlorinator has been installed, and is awaiting

permit approval from the peA. 'rhe overall impacts on the

water quality of the Dunka River do not appear to be very

severe. The taconite mining has caused fluctuations in the

:flow and peaks in the conductivi ty readings v however f these

lfactors 2.p~:"ently have not adversely affected the water

qual5. ty. rl'he baseline values for the parameters of concern

ri;;--tl;;-discharge effluent are diluted in the river water

tand should not be a concern for most aquatic organisms.

C- -------- -j ,tf" ,J.';;'Yf,';r /./J-'.f,thtI~AQ., ,
- ~{'(~.FJ" oR,9fiV"!',L, ,!j U V

.' .....



Theso are not necessarily the smne efrects a copper-nickel

mIne would have on the area 0 Irhe uC:~E:fu1ne~Js of the baseline

da.ta being coLLected 8 and the neces)~:d.ty of a continual

moni taring progrcUTI for any mining oper~::d;ion> can be seen

by looking at the potential .iInpacts a copper w·nickel mine

would have on this watershed.

Potential I~Dacts of CODDer-Nickel ~ining
OO=>--=._~._~_"""_'~~_-""_'-'_~_"~'~_~_~_'=~~"='__'~""~ "-"",=~~__~_•.~_~~_<_~_<_ ..~.~,,_~--=-.~~_~_~~~"_"'~""'="'"_""""'"

The three major effects which a mining operation has on a

watershed are appropriations.

The stages of a copper-nickel mining operation where

~nd smelting. (1) Discharges will also occur during these

stages as well as during the mining and termirmtion. ~ehe

quantity and conposition of the discharges will depend. on

the characteristibs of the ore body, mining methods used •.

and hydrogeology of the wa.:terslwd. Ct2)

While Reserve has only been mining in this watershed and

shipping the are to Silver Bay for processing. a copper

nickel mine will probably do the processing here as well.
- 11.a, <. (J (l

~)his ~~::~~;ll·t'\".c;'-effluentscontaining [wavy metals f sulphur

compounds and organic reagents.

The technology has been greatly improvc:?d since the Canada

"



r _""~ ! I

miJ1cs began operation, and. thc cxtensivo e

trvction which occurred there would not occur .in f,';inllcso

~lhesc do I hO\'i8ver, serve as example s of the destruction that

'can occur from lacl\: of environmental concc~rn. Heavy metal

emissions, 802 'and acidic rains in the Sudbury area have

darnaged the forests, acidified the soils c]..nd led to extensivE~

soil erosion. (13) Aquatic species diversity has been

greatly reduced in the nearby lakes, and many have lost their

entire fish populations. The major chemical changes in the

water quality were seen in suspended solids, heavy metals,

total dissolved solids, pH, hardness~ sulphates and arsenicV.
i\ ~

A;tLso 1 the aqua tic biota were adverse.ly affected in 19 of

22 localities investigated. (12)
f"

r:ehese eX2~mples show a defin.1. te need to characterize any

region as completely as possible before a mining operation

begins and to continuously monitor the operations to avoid

degradation of the water quality.

There appears to be good evidence indicating that the

conductivi ty peaks occurring in the Dunka River are caused

by discharges from Reserve Mining. The parameters most

likely responsible for this are chloride, sulphate, calcium,

<: J. .... ,--:t-- J '...-"'~"V-.Jr\ -.... ('- ./ / l

• 4ly1.{", '1..: C"-(,'~_/\re r

~- .



sodium and potassium. It is not as clear' vthieh. specific

discharge is responsible or what aspect of the mining operation

may huve increased these concentrations. Howevero it appears
j ,'t,

.1 " 1 ·"1 d t'l l"tA"J2,·.,,\tha G discharge 001 18 pro oab y re s on 1. D,Le"r, an. ' .18 source .'
i /,2 .tf'~1

is the dewatering of the pit wh.iah include~; grolm.clwater _/,<",~,.- J'p

L3\' _11 <.~~v· t·, -'~ '\ V

se(~paGe and runoff from sewage treatment facilities. ,J!..J-1;-:. ,r'

Some of th~ complications in determining the source of the

discharge include: 1) most of the data available on the

mining discharges was collected 1n 1975. while the river

samples were collected in 19'76 i 2) .the SaJi1I)les hav-e bElen

collected and aneJ.lyzed by different peoJlle (Ar'.:AX 9 HE~se:CVG p

Comparisons with the Stony niver, an undistur,'bed watershed p'

USGS D and the Copper~·Nickel Study) and no attempt has be(~nl

made to,invest5.. gate th;.... j~la?_y~ica](J~~,O~~dJ~l;e~~ l..u~ecl by the/!
• (1J.i.z.,,0. 1111)/.5< /(.Lu..,..> ) L_iA~"; l .r

var10us laborator:Les; and J) ·ch.e weJ.l-wa-ce:c samples used

were 'collected poorly. and

of the groundwater in'the

volu~ne of flow

may not be an accurate representation

area • It't}>1'AJ7:L::L ~d;- r



dt,y year in 1976 ar0 factors which m:lY be of importance in

assessing the differences which occur.

~1lC major impacts this mininG opeX'ation~ appears to have

on the watershed are fluctuations in the flow and conductivity,

d,ischarge of high levels of bacteria .in the sewage 9 and levels

of specific constituents reaching high concentrations in
~/J.P.,.,L--«~

the discharges. 11he dilution by the river \'l<lter~J~..ill(s these

c,':l1.anges e,x:cept during loVl flow, hence the changes do not

£::!;,lJpear to adversely affect the water quaIl ty G

111though the taconite mining has not; severely degraded the

'i1.-:t1.ter quali.ty, a copper-nickel mine will have many different

1:,::"ob1el11s. This makes it necessary for baseline data

e;;.:.)llection v and assessment of potential impacts such as the

.c-~:wlronmental Quality Council is currently doing.
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'Appendix T. (continued) ~'htr:'l~ Qu;'lity :\11(1 FlOI'! }\It.terns

of rphc Dun]c(i. :J,nd ;:; tony H5 vee:::)
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Appe' ~.x II Q 1'Jater Quallty of Reser.,re Disch~""'-~/::s . (mg/l)
I' f, .. ~....' ¢ n" ~.,

me&~ \s~a~QarQ QeV2a~l0n}

Discharge 001 002 O~ QQr;
~'

r~:ercur:l

lir:::cnlc
Selenium
r< .. ~:::>lJ..vcr

r:~~r:GClllese

Copper
Zinc

C2d~ium

L~~d

CoD::;.lt
Chro:-:1ium

;--.......
\ ..r"~

~

110.0~(27.09) 134.76(19.91) 80.24(12,38)
1C:; hOe? n(~o) .l~h 4c:;r ryC:;Q) 44 ,8l(? ?S')\
c'o..-/~V'/~.-Ic. I · ........ "'·,../\(}Z..,l/J ..... ,~ _\_"f-.. ...... .-)

0 '6/'/0"""7' ,-."/',,, ( ;'/-'2' n0"''' 1 (:,,\""'"~'~ o\~ vy j ~/Q(\o~D) I ovv))\ovL~L)

') r,/oiUP ?(,h\ Lr.. 0.'«2 -'c'?). "i if')i:( ·O/')~?1 '1
-,Ie ./ ....... , ....Jor,,,;...,..'..... '.j j,:;UJ\ :!'.J:J- _:...~_.\ 1"'\. .: ......... ;

1 n6?(4 ,<""'(LL~ "in --.L,( "'(y/"C:'j ? ,7(i -,C:C'l...... !)u ...... \,..Lo.-/.,/ .k.'vo.)i"\O --" ......'i ·_~,";"t \."~-'- __/J)

n01LL ( 000°0" '\ nooo Q ( (1:'\(\1' '1 nniJ.1 ( n("i~'::::=')o v ..... , \;: , "7 j/ "11 'v / ',-, \ ., ....... v V ~ j e v v ..... \. f} '-J ,-' ..... 1 I ''"-'' l

.0055(.0055) .00695(.0039) .0165(.006)
(')(021'( nn1?1 ()OiJ~'( on?) n?J,( n"'C:'c ..... i' \. 0 v l. ..0-. ''''''' J '(i \..; ,~) \!> V.,- l I} \-1 ,_ ~'t~ \ '!'I ,-.' v J )

.0003(.00022) .000S(.00038)000033(.00025)

.0017(.00098) .0018(.00096) .0013(.000S)
• oOlId. 00099) • 001h (.001) • 00lf2 (.003)

<-.0010) <:..001(0) ~,001(0)

<.0002 0) <.0002(0) <.0002(0)
/ no~ n1 Oll~-'(' (\O~8\ (\(\~fn\
4~ cV J Vj c 'VU) ,0 1...; :J i 4-$'JU)\:..J).

.0052(.0007) .005(0) .~.005(O)

<:'.001(0) -<.001(0) Z,002.(O)
O ?~S( 008") o(.,n/O",o'" '''\'li'{ (\\'I,~)

I,) 'e..-) \,. ( \) ..... \.,.\\1.J) o\...·-':-~\~·v..L""r

"0·..... ( 3n~7) ns( ,-~(-.,) ,c:,n~(· 21'\
" I. f U \ 0 ;jG· 0 'J '" IJ ):J :) ~ ~, J ( I, 1. lJ '0 J

.0327(.0343) .005J(.001~7) .00S3(.0075)
1.236(.639) .108(.015) ~.10(O)"
.., r.--'~( 0()"") .o. nOl(1 '"') ~'6( """:0)l.eoU;;(\oU"-v), l.oV..; -loL tI)lr l\:,c::.~_l

., ";'6(1 f\lR'\ 2 oor 6"5' .. -"l'l r,"""\.L~!r-r lo'JJv), '-"¢I /\.0 Lf-,} J..~1.G.t'\!>7.J~1

.0096(.0015) .( .01(0) 4(,,01(0)
,(,0.5(0) ZO •.5(O) <-0.5(0)

,(, .. 005(0) .01 It5(.008) «,005(0)
1 2 r/( "-'67' '"' 7-'(" 4Q)' ./' ni,,)_. ~ Q • I')' .G.) \ .G • ..L / ) "-- J. •.U " U

7 1. I, ( "'~ 'I, '7 1 9 { < OJ' ,.., -, 1 ( 2" ~ 'IJ oL.}Y\oLJ...j iiZ .... ' 1;)1.) (€l)J..\.o l.".../
t" p,1' r<. 31) ~ n (L, 9) L~ "":i r,... ~'?)l-oJr>,C. -i -,.U,,,,. "0.J\).~-<

,..... 0 0 « 2\ ..., J~!l 02\ r- 1"(' ,-r,'"I.uu ~.} ). )\ .j I (. ),L.)~}

13.45(34.9) 23.93(24.8) 6.8(4.3])
6 61,('" 6e.\ ,...,,, 05'(11' ~O\ Ii ,-.,r- ,...,...,

• '(,(.J1-) .J..J' .:..'-h 1. Jl 'l-.(\,L.00)

1 """0(1 8e:;" 6 or(" --'1J.\ ~7~f """",::",
.(/~ ...... ./) 0/.,),1.).) .u );.• ~~V)

,',r .c;t'(L'5 "'?' 9'1 6"~r, -:l""" ":in ~ /9 c" ""lr) ..... v,t' .)_1 ./' \(( ....1)) ..)0.1\ 0 ly)
II "--'(" 00""'\ 1 """Sf n'-7' .., 2'-( S"~.)..J 0. )) ...... ( ,.7)) J.. )~. I

66 •5 (72 •43) :3 04-2 • .5 (I} 911 • 9) 188 (J:n . 5)
285.83(512.44)712.25(1128.24)346.5(636.13)

73.78(10.35)
1 1'1 ? I'" 4 \

~"'r,;.,.) \.. L::..L}

. O? .ooid.o04)

~
~!~' , I

., \' "'?Ol r-,~7)
G..)~ \.<::,.G"

.060( ,01~S)

,,0013(.0008)
'" OOlf,lH .0017)

003 r nlll,)
• \.UV~(-I

000 "'( 1I0n'~)
I;) ..J\aV vi)

.0013(.00065)
.001(.0006)

,R 0011()]
A..,. $ _ \ ...... j

( .«'.0002,0)
On'-(n\<: .J)~VJ

r:.' ).00.Jl O,
<.001(0)

.022(.01)
24 ( l!,?)

.0076( :6(63)-~
'L 7 (~ ... '\'-j • ,,:. 0 ) J

.235(.192)
496 ( h1'-"/'0- \ <) i _ ~ )'

<.01(0)
<0.5(0)

<.005(0)
< 1.0(0)

7.79(.12)
6 I'J. (,-., n'l.-·,1.(,.

10. (3 (1.97)
1 '=' o· (tL 2;'

.) '& "I'"
2.J{1.8)

1.17(.88)
12 1 "'(108". I) -'-) \. l))

4.2S(6.1~)

181(268)
287(529)

Coliform Bact" Cts/l00 ml
Colifor~ Eact~ Cts/l00 ml
S '- -'- .. Ba' .... J. /~ 00 "l~rep~OCOCCl ~C~. ~cs 1 m~

.. -
P2.rl'Cl~l

on 1.1
U.l.J.
~ rI

Ter:1perature '.Ie
Dissolved Oxygen
Suspended Solids
Turbidi ty o.]TD
EOD
COD
Fecal
Total
Fecal

. .. Np..r.:.::lOril2- .
Nitrite-N
nitrate-N
OrCClnic-N
~ ....I- -, v· I'"" t 1 "."1'0 l.2.1. l'..J e Qa~1_\.-.li

C:"2..nide
Fluoride
Phenol
Oil and Grease

?~i'2kel

Iron

Alkalinity (as CaCO~)
<:::il;c:o .J", __ ..J.. .......

Tot~l PhosDhor~s ~

~ .Il . ~, ~~n ..J+. ~\ /'v'-fl"

~]JL

~

* Cne extreme value left out of computation (Oo65' ffic/1 )
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